The glass transition, a relaxation phenomenon, sets the low temperature limit to the liquid state. Glassy water that forms only under extreme quenching conditions is unstable against crystallization. Opinions differ on whether the glass transition can be observed at all. Here we measure the dielectric tan for easily glassforming waterlike aqueous solutions, H 2 O-H 2 O 2 and H 2 O-N 2 H 4 , to characterize the behavior of such systems during passage through their glass transitions. All show unambiguous T g values of 136 -140 K, the value generally assigned to pure water. However, the behavior of " 00 =" 0 is quite different from that in amorphous water in the same temperature range. Our findings eliminate "ultraviscous fragile liquid" as a possible description of water between 136 K and crystallization, but leave "ultraviscous stong liquid" a possibility to be considered. DOI: 10.1103/PhysRevLett.93.215703 PACS numbers: 64.70.Pf, 77.22.Gm The most abundant state of water in the Universe is presumed to be the amorphous state because this is the form in which water exists in the vastness of interstellar space, as thin films on dust particles [1][2][3]. Together with the evidence that a relatively immobile form of water occurs on many biological surfaces [4], this highlights the importance of the amorphous solid states of water. There are at least two distinct forms [5,6], possibly more [7,8], and the relation between terminal annealing states within a single configuration space megabasin, on the one hand, and distinct polyamorphic forms, occupying distinct megabasins [9] on the other, is still being worked out [3,10]. We will refer to low density and high density forms as LDA and HDA without considering the variations such as Very HDA [7,8] observable within each.
The most abundant state of water in the Universe is presumed to be the amorphous state because this is the form in which water exists in the vastness of interstellar space, as thin films on dust particles [1] [2] [3] . Together with the evidence that a relatively immobile form of water occurs on many biological surfaces [4] , this highlights the importance of the amorphous solid states of water. There are at least two distinct forms [5, 6] , possibly more [7, 8] , and the relation between terminal annealing states within a single configuration space megabasin, on the one hand, and distinct polyamorphic forms, occupying distinct megabasins [9] on the other, is still being worked out [3, 10] . We will refer to low density and high density forms as LDA and HDA without considering the variations such as Very HDA [7, 8] observable within each.
A recent review devoted to amorphous water [3] shows that amorphous water is in an unusually high state of order. Its entropy is closer to that of the crystal than in any other glass, and its phonons exhibit crystal-like lifetimes at low temperatures. The order is particularly evident within the LDA form, which is also notable [11] for lacking the usual two level systems previously considered ubiquitous in the glassy state [12] . Glassy water, it is argued [3] , is close to the ideal glass state which, by definition, has no configurational entropy, and hence is a ''third law substance.'' The irony of this situation is that the glass transition temperature for this nearly ''ideal'' glass is a matter of dispute, the resolution of which is the object of this Letter.
Very many aqueous solutions are strongly glassforming, and their glass transition temperatures are easily assigned from the unusually large jumps in heat capacity they manifest at T g . The solution data, which in some cases contain as little as 3 mol % of second component, all suggest, by short extrapolation, that glassy water should show a comparable doubling of its heat capacity at a temperature of 136 -140 K [13] . However, differential scanning calorimetry (DSC) scans of relaxed amorphous water through this range show nothing at all unless special annealing procedures are followed [14] . After annealing at the appropriate temperature, an extremely weak increase (1=14 th of the expected value) can be observed [14] . This endotherm, which extends over a very wide temperature range has been broadly accepted as the ''glass transition of water''. Its weakness and its exceptional width (relative to T g ) have remained quite unexplained except for the suggestion that a ''fragile-tostrong'' liquid state transition may have occurred [15] .
The existence of a fragile-to-strong transition, however, is incompatible with a strong body of opinion, based on diffusivity measurements at 145-150 K [16] and other arguments [17] , that water is a fragile liquid at these temperatures with T g expected at 136 K by the VogelFulcher-Tammann equation extrapolations of the diffusivity data. The consistency of this extrapolation with the binary solution T g extrapolations, and with the calorimetry of Ref. [14] , has proven convincing to most commentators on the subject, as summarized in a recent authoritative review [18] . An alternative opinion, namely, that water remains in the glassy state up to crystallization [19] [20] [21] [22] , evidently [18] awaits validation. What is needed here is a set of reliable measurements of physical relaxation behavior in the range between the putative T g at 136 K and the crystallization temperature.
The crystallization of amorphous solid water (ASW) has been reported at various temperatures T C in the range 140 -170 K. As might be expected, the T C value found depends on the sample preparation method, on the one hand, and on the heating rate, on the other. The highest recorded T C values, 165 K by Olander and Rice [23] and 170 K by Koverda et al. [24] , were both obtained on films deposited from the dilute vapor phase. Olander and Rice carefully examined the relation between amorphous film properties and the ASW deposition rate, with the object of minimizing the possibility of generating crystallization nuclei during the deposition. Relaxation studies between VOLUME 93, NUMBER 21 P H Y S I C A L R E V I E W L E T T E R S 
